Europaisches Patentamt 

® 0))I Eur °P ean Patent Office ©Publication number: 0 234 724 

Office europeen des brevets fa] 



© EUROPEAN PATENT APPLICATION 

© Application number; 87300551.6 © IntCI. 3 : C 08 F 220/22 

^ D 06 M 15/263 

© Dateof filing: 22.01.87 



© Priority: 23.01.86 US 824355 
09.09.86 US 905307 



© Date of publication of application : 
02.09.87 Bulletin 87/36 

© Designated Contracting States: 

BE CH DE ES FR GB IT U LU NL SE 



© Applicant: E.I. DU PONT DE NEMOURS AND COMPANY 
1007 Market Street 
Wilmington Delaware 19898(US) 

@ Inventor: Greenwood, Edward James 
12BalangerRoad 
Newark. Delaware 1971 1 (US) 

© Inventor: Rao,NandakumarSeshagiri 
4B5 Capano Drive 
Newark, Delaware 19702{US) 

© Inventor; Lore, Albert Lynn 
P.O. Box 1549 

Wilmington Delaware 19899(US) 

© Representative: Woodcraft David Charles et al, 
BROOKES & MARTIN High Holborn House 52/54 High 
Hotbom 

London, WC1V6SE(GB) 



CM 

rs 

CO 
CM 



© Oil- and water-repellent copolymers. 

@ Oil- and water- repellent solid fluoropolymers are dis- 
closed, comprising by weight: 

(a) 40-75% polymer chain units derived from a mixture of 
perfluoroalkylethylacrylate monomers of formula 

CF 3 CF 7 (CF ? ) k C,H 4 OC{0)CH=CH 2 , 
the monomer mixture consisting essentially of: 

(1) 0-10% monomer wherein k is 4 or less; 

(2) 45-75% monomer wherein k is 6; 

(3) 20-40% monomer wherein k is 8; 

(4) 1-20% monomer wherein k is 10; and 

(5) 0-5% monomer wherein k is 12; 

(b) 10-35% polymer chain units derived from vinylidene 
chloride; and 

(c) 10-25% polymer chain units derived from an elicyl ac- 
rylate or alkyl methacrylate having an alkyl chain length of 
2-18 carbons. 
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OIL- AND WATER-REPELLENT COPOLYMERS 



The present invention relates to polymer compositions 
for imparting oil- and water-repellency to textiles. 

The patent literature discloses numerous 
5 f luoropolymer compositions having utility as textile 
treating agents. These f luoropolymers generally contain 
• pendent per f luoroalkyl groups of three or more carbon 
atoms, which provide oil- and water-repellency when the 
compositions are applied to fabric surfaces. The 
10 perf luoroalkyl groups are attached by various connecting 
groups to polymerized vinyl groups, the latter being 
polymer chain units ^forming the backbone polymer chains. 
Methods for producing such polymers, either in aqueous 
emulsion or in solvent systems, are well known. 

15 

For example, Japanese published patent application 
No. 48-97274 (Asahi Glass Co.) discloses water-repellent 
and oil-repellent agents consisting of a copolymer 
containing at least 40 weight percent of a polymer izable 

20 compound containing perf luoroalkyl groups with 4-16 carbon 
atoms, and 10-60 weight percent vinylidene chloride. 
Japanese published patent application No. 50-54729 (Asahi 
Glass Co.) discloses an analogous composition for paper 
treatment, consisting of a copolymer containing at least 

25 35 weight percent of a polymerizable compound containing 
per f luoroalkyl groups having 3-20 carbon atoms, 35-60 
weight percent vinylidene chloride, and 0.5-5 weight 
percent N-methylol acrylamide or N-methylol 
methacrylamide . 
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Fabric treatment agents having improved 
repellency, durability, and substantivity are of 
significant interest to the textile and apparel 
industries. 

SUMMARY OF THE INVENTION 
The present invention provides an oil- and 
water- repellent solid f luoropolymer comprising by 
weight: 

(a) 40-75% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of 
formula 

CF, CF 2 ( CF 2 ) k C a H 4 OC ( 0 ) CH-CH, , 
the monomer mixture consisting essentially of: 

(1) 0-10% monomer wherein k is 4 or 
less; 

. . (2) 45-75% monomer wherein k is 6; 

(3) 20-40% monomer wherein k is 8; 

(4) 1-20% monomer wherein k is 10; and 

(5) 0-5% monomer wherein k is 12; 

(b) 10-35% polymer chain units derived from 
vinylxdene chloride; and 

(c) 10-25% polymer chain units derived from 
an alkyl acrylate or alkyl methacrylate having an alkyl 

25 chain length of 2-18 carbons. 

DETAILS OF THE INVENTION 
In its broadest aspect, the present invention 
provides copolymers of selected fluoroalkyl acrylate 
•monomers, vinylidene chloride, and alkyl acrylates or 
3 q alkyl methacrylates which exhibit enhanced water and oil 
repellency, drycleaning durability, and home wash 
durability when employed as fabric treatments. 

The copolymers of this invention are prepared 
by conventional emulsion polymerization techniques. The 
35 aqueous polymer dispersions thereby produced can be 

applied to textile surfaces by known methods to impart 
oil-, soil-, and water-repellency. A distinquishing 
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feature of the f luoropqlymers of the present invention 
is their effectiveness at low application levels. 

Perfluoroalkylethylacrylates of the formula 
5 CF 3 CF 2 (CF 2 ) k C 2 H 4 OC(0)CH=CH 2 , wherein k is an even 

integer from 2 to 14, are conventional and commercially 
available. They can be prepared by esterif ication of an 
appropriate perf luoroalkylethanol , CF 3 CF 2 (CF 2 ) k C 2 H 4 OH, 
with acrylic acid, for example, as described in U. S. 

10 Patent 3,282,905. Preferably, the perf luoroalkyl group 
is linear, although compositions containing 
branched-chain per f luoroalkyl groups are suitable. 
Generally, such perfluoroalkylethylacrylates are 
supplied as a mixture of monomers of varying 

15 perfluoroalkyl chain length, typically from 4-14 
carbons. 

In accordance with the present invention, 
however, a perf luoroalkylethylacrylate mixture having a 
particular selection of alkyl chain lengths is employed. 

2q Referring to the formula set forth above, such mixtures 
consist essentially of 0-10 weight percent monomer 
wherein k is 4 or less; 45-75 weight percent monomer 
wherein k is 6; 20-40 weight percent monomer wherein k 
is 8; 1-20 weight percent monomer where k is 10; and 0-5 

25 weight percent monomer wherein k is 12. 

Preferred perf luoroalkylethylacrylate monomer 
mixtures are those consisting essentially of 0-8 weight 
percent monomer wherein k is 4 or less; 45-65 weight 
percent monomer wherein k is 6; 25-35 weight percent 

30 monomer wherein k is 8; 5-15 weight percent monomer 

wherein k is 10; and 0-5 weight percent monomer wherein 
k is 12. 

The most preferred perf luoroalkylethylacrylate 
mixtures for use in the present invention are those 
35 consisting essentially of 0-6 weight percent .monomer 
wherein k is 4 or less; 45-60 weight percent monomer 
wherein k is 6; 25-35 weight percent monomer wherein k 
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is 8; 7-15 weight percent monomer wherein k is 10; and 
0-3 weight percent monomer wherein k is 12. 

The second required component of the 
fluoropolymer compositions of this invention is 
vinylidene chloride. The fluoropolymer compositions of 
the present invention contain 10-35 weight percent 
vinylidene chloride. Preferably, such compositions 
include 15-30 weight percent vinylidene chloride. 

The third required monomer of the compositions 
of the present invention is one or a mixture of alkyl 
acrylates or alkyl methacrylates having alkyl chain 
lengths of 2 to 18 carbons, which are added to 
polymerization mixtures in proportions from 10 to 25 
15 percent by weight. As used herein, "alkyl" refers to 
both linear, cyclic and branched-chain alkyl groups. 
Examples of such monomers include ethyl acrylate, propyl 
acrylate, butyl acrylate, cyclohexyl acrylate, isoamyl 
acrylate, isodecyl acrylate, isodecyl methacrylate, 
20 2-ethylhexyl acrylate, octyl acrylate, lauryl acrylate, 
cetyl acrylate, stearyl methacrylate, and stearyl 
acrylate. Of the foregoing, 2-ethylhexyl acrylate, 
stearyl acrylate, stearyl methacrylate, and butyl 
acrylate are preferred, and stearyl acrylate and stearyl 
25 methacrylate are most preferred. 

Finally, one or more specialized monomers can 
be incorporated into the copolymers of the present 
invention in lesser amounts, e.g., 0.1-5 percent by 
weight, to impart improved cross-linking, latex 
stability and substantivity. These materials include 
chlorohydroxypropyl methacrylate and chlorohydroxypropyl 
acrylate, which can be added in proportions equivalent 
to 0-5 percent by weight, e.g., 0.1 to 3 percent by 
weight; 0-5 percent by weight of one or more 
35 poly(oxyethylene Jacrylates or methacrylates; N-methylol 
acrylamide or N-methylol methacrylamide, which can be 
added in proportions equivalent to 0.1-2 percent by 
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weight; and hydroxyethyl methacrylate or hydroxyethyl 
acrylate, which can be added in proportions equivalent 
to 0.1-2 percent by weight. Preferably, the latter 
monomers are added to provide polymer units equivalent 
to about 0.3-1.0 percent by weight. 

A preferred class of compositions within the 
scope of the present invention includes f luoropolymers 
consisting essentially of, by weight, 45-70% polymer 
chain units derived from a perf luoroalkyl acrylate 
monomer as defined above; 15-30% polymer chain units 
derived from vinylidene chloride; 10-20% polymer chain 
units derived from an alkyl acrylate or alkyl 
methacrylate having an alkyl chain length of 2-18 
15 carbons; 0.1-2% polymer chain units derived from 

N-methylol acrylamide or N-methylol methacrylamide , and 
optionally, up to 5% polymer chain units derived from 
chlorohydroxypropyl methacrylate or chlorohydroxypropyl 
acrylate, and up to 5% polymer chain units derived from 
poly(oxyethylene) acrylate or methacrylate. 

Within each of the foregoing classes, 
subclasses of compositions are contemplated. A first 
contemplated subclass includes f luoropolymers wherein 
the alkyl acrylate or alkyl methacrylate component is an 
alkyl acrylate. A second subclass, which is preferred, 
includes f luoropolymers wherein this component is butyl 
acrylate, stearyl acrylate, stearyl methacrylate, or 
2-ethylhexyl acrylate, A third contemplated subclass, 
including the most preferred compositions of the present 
3 Q invention, corresponds to those f luoropolymers wherein 
the alkyl acrylate or alkyl methacrylate component is 
stearyl acrylate or stearyl methacrylate. 

In general, the copolymers of this invention 
can be prepared by known techniques for emulsion 
35 polymerization of vinyl compounds. The process can be 
carried out in a reaction vessel fitted with a stirrer 
and external means for either heating or cooling the 
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charge. The monomers to be polymerized together are 
emulsified in an aqueous solution containing a suitable 
surfactant, and optionally an organic solvent, to 
provide an emulsion concentration of 5-50 percent. 
Usually the temperature is raised to about 40°C-70°C to 
effect polymerization in the presence of an added 
catalyst. A suitable catalyst can be any of the 
commonly known agents for initiating the polymerization 
of an ethylenically unsaturated compound. Such commonly 
employed initiators include 2,2'-azodi-isobutyramidine 
dihydrochloride, 2,2'-azodiisobutyro- nitrile, and 
2 , 2 ' -azobis ( 2 , 4-climethyl-4-me thoxyvale ro- 
nitrile). The concentration of added initiator is 
usually 0.1-2 percent,, based upon the weight of the 
monomers to be polymerized. The surfactant employed to 
stabilize the emulsion during its formation and during 
polymerization can be. a cationic or non-ionic 
emulsifying agent or agents. Suitable cationic agents 
include , for example, dodecyltrimethylammonium acetate, 
trimethyltetradecylaramonium chloride, 
hexadecyltrimethylammonium bromide, trimethyl- 
octadecylammonium chloride, and others. Non-ionic 
agents which can be employed with good results include 
condensation products of ethylene oxide with 12-18 
carbon atom fatty alcohols, 12-18 carbon atom fatty 
acids, alkylphenols having 12-18 carbon atoms in the 
alkyl group, 12-18 carbon atom alkanethiols, and 12-18 
carbon atom alkyl amines. To control molecular weight 
of the resulting polymer, small amounts of a 
chain-transfer agent, such as an alkanethiol of 4-18 
carbon atoms, can be present during polymerization. 

The copolymers of this invention are obtained 
as aqueous dispersions. It is possible to isolate the 
polymer as a solid, if desired, by filtration, 
centrifugation, or evaporation of liquid carrier. 
However, for most purposes, the aqueous dispersions can 
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be used directly for application to a textile or 
substrate to be rendered oil- and water-repellent. The 
copolymers of this invention can be applied alone or in 
admixture with diluent non-f luorinated polymers, or with 
other textile treatment agents or finishes. 

The polymers of this invention are generally 
applied to textile fabrics as aqueous dispersions by 
spraying, dipping, padding, or other well-known methods* 
After excess liquid has been removed, for example, by 
squeeze rolls, the treated fabric is dried and then 
cured by heating, for example, to 140 C C-190°C, for at 
least 30 seconds, typically 60-180 seconds. Such curing 
enhances repellency and durability. 

The following examples illustrate particular 
aspects of the present invention. In the examples, all 
percentages are by weight unless otherwise indicated, 
and all degrees are Celsius (°C). 

Example 1 

A water emulsion was prepared by agitating the 
following: 

58.0 g perf luoroalkylethylacrylate 
16.0 g stearylmethacrylate 
5.0 g stearic acid/14-ethylene oxide adduct 
0.5 g N,N-dimethyldodecylamine 
0.5 g acetic acid 
100.0 g water. 

The perfluoroalkylethylacrylate component of 
the emulsion was a mixture of monomers characterized by 
the general formula CF 3 CF 2 (CF, ) k C 2 H 4 OC(0)CH«CH 2 , wherein 
k was 4, 6, 8, 10, and 12 in an approximate weight ratio 
of 6:51:29:9:2. The emulsion was added to a glass 
reaction vessel equipped with an agitator, a 
thermometer, and a dry-ice condenser, and containing 
1.0 g N-methylolacrylamide 
1.0 g hexadecylmercaptan 
200.0 g water. 
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The resulting mixture was purged with nitrogen 
gas for one hour to remove substantially all air. The 
nitrogen purge vas then switched to a positive pressure 
nitrogen blanket and 25,0 g vinylidene chloride 
were added. To initiate polymerization, 0.8 g azo bis 
isobutyramidine hydrochloride was added. The resulting 
mixture was then heated to 50° over one hour and held at 
50° for 15 hours. The resulting polymer latex weighed 
405 g and had a solids content of 26%. 

Example 2 

A water emulsion was prepared by agitating the 
following: 

59.0 g perf luoroalkyle thylacrylate 
16.0 g stearylmethacrylate 
1.0 g stearic acid/14-ethylene oxide adduct 
3.0 g lauryl alcohol/16-ethylene oxide adduct 
50.0 g ethylene glycol 
100.0 g water. 

The perfluoroalkylethylacrylate component of 
the emulsion was a mixture of monomers characterized by 
the general formula CF 3 CF 2 (CF 2 ) k C 2 H < OC(0)CH«CH 2 # wherein 
k was 4, 6, 8, 10 , and 12 in a approximate weight ratio 
of 6:51:29:9:2. The emulsion was added to a glass 
reaction vessel equipped with an agitator, a 
thermometer, and a dry-ice condenser, and containing - 
1.0 g N-methylolacrylaraide 
0-5 g hexadecylmercaptan 
1,0 g hydroxyethylmethacrylate 
2.0 g pbly(oxyethylene) 20 methacrylate 
70.0 g water. 

The resulting mixture was purged with nitrogen 
gas for one hour, to remove substantially all air. The 
nitrogen purge was then switched to a positive pressure 
nitrogen blanket and 25.0 g vinylidene chloride were 
added. To initiate polymerization, 1.0 g 
azo-bis-isobutyramidine hydrochloride was added. The 
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resulting mixture was then heated to 50° over one hour 
and held at 50° for 15 hours.. The resulting polymer 
latex weighed 329 g and had a solids content of 32%. 

Example 3 

A water emulsion was prepared by agitating the 
following: 

53.0 g perf luoroalkylethylacryiate 
19.0 g 2-ethylhexylacrylate 
5.0 g stearic acid/14-ethylene oxide adduct 
0.5 g N r N-dimethyldodecylamine 
0.5 g acetic acid 
100.0 g water. 

The perfluoroalkylacrylate monomer component 
of the emulsion was a mixture of monomers characterized 
by the general formula CF,CF 2 (CF 2 )kC 2 ^OCJOJCH-CH, , 
wherein k is 6, 6, 10, and 12 in an approximate weight 
ratio of 66:26:6:2. The emulsion was added to a glass 
reaction vessel equipped with an agitator, a 
thermometer, and a dry-ice condenser, and containing 
1.0 g N-methylolacrylamide 
1.0 g hexadecylmercaptan 
200.0 g water. 

The resulting mixture was purged with nitrogen 
gas for one hour to remove substantially all air* The- 
nitrogen purge was then switched to a positive pressure 
nitrogen blanket and 27.0 g vinylidene chloride was 
added. To initiate polymerization, 0.8 g azd-bis- 
isobutyramidine hydrochloride was added. The resulting 
mixture was then heated to 50° over one hour and held at 
50° for 15 hours. The resulting polymer latex weighed 
403 g and had a solids content of 23%. 

Examples 4-8 

In Examples 4-8, emulsion copolymers were 
prepared substantially according to the procedure of 
Example 3 to provide the compositions set forth in TABLE 
I. 




10 



0234724 



58 


60 


63 


64 


65 


0 


0 


16 


17 


16 


16 


0 


0 


0. 


0 


0 


17 


0 


0 


0 


25 


22 


20 


18 


19 


1.0 


1.0 


1.0 


1.0 


1.0 



TABLE I 

Quantity In Emulsion (%) 

Example : 4 .5 6 7 _L 

Honomer. 
perf luoroalkyl- 

ethylacrylate 
2-ethylhexyl 

acrylate 
stearyl 

acrylate 
butyl 

acrylate 
vinylidene 

chloride 
N-methylol- 

acrylamide 

Repeliency and Durability Testing 

1, Fabric Treatment 

A portion of the polymer dispersion was 
diluted with water to a polymer content of 1-2%, then 
applied to nylon fabric by padding to provide a fluorine 
level of 1200 ppm on the fabric surface. The resulting 
treated fabric was then dried at 180° for 30 seconds. 
Fabrics selected for treatment included two 
medium-weight nylon fabrics, herein designated "blue 
nylon* 1 and "gray nylon" f and a durable, water repellent 
heavyweight nylon fabric (Cordura®). These fabrics were 
contaminated with residual dyeing auxiliaries. 

2. Water Repeliency 

The treated fabric samples were tested for 
water repeliency using AATCC standard Test Method No. 22 
of the American Association of Textile Chemists and 
Colorists. In this test, 250 mL of water at 27° is 
poured in a narrow stream onto a fabric sample stretched 
on a 6-inch (15.2 cm) diameter metal hoop. The water is 
discharged from a funnel suspended six inches (15.2 cm) 
above the fabric sample. After removal of excess water, 
the fabric is visually scored by reference to published 
standards. A rating of 100 denotes no water penetration 
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or surface adhesion; a rating of 90 denotes slight 
random sticking or wetting; lower values indicate 
greater wetting. 
3, Oli Repellency 

Treated fabric samples were tested for oil 
repellency by a modification of AATCC Standard Test 
Method No. 118, conducted as follows. A fabric sample, 
treated with an aqueous dispersion of polymer as 
previously described, is conditioned for a minimum of 2 
hours at 23+2° and 65+10% relative humidity. A series 
of organic liquids, identified below in TABLE II, are 
then applied dropwise to the fabric samples. Beginning 
with the lowest numbered test liquid, (Repellency Rating 
£5 No. 1) one drop (approximately 5 mm in diameter or 0.05 
mL volume) is placed on each of three locations at least 
5 mm apart. The drops are observed for 30 seconds. If, 
at the end of this period, two of the three drops are 
still spherical to hemispherical in shape with no 
2 q wicking around the drops, three drops of the next 

highest numbered liquid are placed on adjacent sites and 
similarly observed for 30 seconds. The procedure is 
continued until one of the test liquids results in two 
of the three drops failing to remain spherical to 
25 hemispherical, or wetting or wicking occurs. 

The oil repellency rating of the fabric is "the 
highest numbered test liquid for which two of three 
drops remain spherical to hemispherical with no wicking 
for 30 seconds. In general, treated textiles with a 
rating of 5 or greater are good or excellent; textiles 
having a rating of one or greater can be used for 
certain applications. 
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TABLE II; 0il> Repellency Test Liquids 
Oil Repellency 

Rating Number Tes;t Solution 

5 1 Nujol Purified Mineral Oil 

2 65/35 Nujol /n-hexadecane by volume 

at 21*. 

3 n-hexadecane 

4 n-tetradecane 

5 n-dodecane 

6 n-decane 

Note: Nujol is a trademark of Plough, Inc., 
for a mineral oil having a Saybolt viscosity of 360/390 
at 38° and a specific gravity of 0.880/0.900 at 15°. 

4. Home Wash Durability 

Durability of f luoropolymer repellency 
15 treatments was estimated by a nylon fabric home wash 
durability test representing a modification of AATCC 
Standard Test Method No. 130. In this test, fabrics 
treated with polymer dispersions and then conditioned as 
previously described are first sampled for fluorine 
20 content, then cured at elevated temperature and washed. 
In a typical procedure, a 4 lb. load (1.8 kg) with 28 g 
detergent (Tide ) is washed in a home washer for a 
12-minute cycle, at a temperature of 60+3°, followed by 
a cold rinse. Fabric specimens are then tumble-dried at 
25 71+9° for 40 minutes. The foregoing procedure 

constitutes one Home Wash Cycle. After one or more such 
cycles, fabric specimens are conditioned and tested for 
oil- and water-repellency . 

5. Drycleaning Fastness 

30 A nylon fabric drycleaning fastness test was 

also employed to evaluate the durability of polymer 
treatments. This test is carried out in a motor-driven 
tumble-jar apparatus conforming to the requirements of 
Method 5500 of Federal Specification CCC-Tl91b and AATCC 

35 Standard Test Method No. 70. In this test, 75-175 g 
fabric are loaded into the tumble jar, and 10 mL 
perchloroethylene are added per gram fabric. The jar is 
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then sealed and the apparatus operated for 20 minutes at 
about 23°. The fabric is then removed from the jar , 
centrifuged to remove excess cleaning fluid, and dried 
at about 23° or for five minutes at about 71° in a 
steam-heated tumble dryer. Each sample is then pressed 
for 15 seconds on each side using a flat-bed press at 
138-160° • 

The results obtained by testing of fabric 
treatments employing the fluoropolymer compositions of 
Examples 1-8 are set forth in the following tables. 
For comparative purposes, the performance of a 
representative commercial fluoropolymer treatment 
composition is also indicated. The latter product, 
herein designated "Comparison A, " consists essentially 
of an emulsion copolymer of 75* perfluoroalkyl 
methacrylate monomer (having the composition previously 
described) and 25% 2-ethylhexyl acrylate. 

In the following tables, water repellency 
ratings are indicated first, followed by oil repellency 
ratings. For each treatment composition, repellency 
evaluations were undertaken following application 
(Initial), following one simulated dry-cleaning exposure 
as described above, and following five simulated 
home-washing procedures as described above. 

TABLE III: Repellency and Durability 
of Fluoropolymer Treatments on Blue Nylon Fabric 



Example or After One After Five 

Comparison Initial Dry Cleaning Home Washing 

r rw5 wm — — wyf — 

2 100/4 90+/3 70/1 

3. 90/5 90+/5 90/3 

4 100/5 90/4 90/4 

5 100/5 90/2 70/2 

6 100/6 90/2 70/2 

7 80/5 90/2 50+/1 

8 80+/4 90/2 70/0 
A 50/3 B0+/3 50/2 
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TABLE IV: Repellency and Durability 
of Fluoropolymer Treatments on Gray Nylon Fabric 
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Example or 
Comparison 

2 
3 
4 
5 
6 
7 
8 
A 



Initial 
1575 — 

80/4 
100/5 
100/4 

70/4 
50+/4 

50/3 
50+/3 

50/3 



After One 
Dry Cleaning 

ioM — 

90+/2 
100/5 

90/5 

80/4 

80/4 

80/3 

80/3 

70/2 



After Five 
Home Washings 
50+/2 
50/0 
80+/4 
50+/2 
50/0 
50/0 
0/0 
50+/0 
0/0 
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TABLE V: Repellency and Durability of Fluoropolymer 
Treatments on Durable Heavyweight Nylon Fabric 
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Example or 

Comparison 
^ 

2 

3 

4 

5 

6 

7 

8 

A 



Initial 
Repellency 

100/4 — 

90/4 
80+/3 
100/4 

90/5 

90/4 

90/5 

90/4 
80+/4 
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l 

CLAIMS : 

1. An oil- and water-repellent solid f luoropolymer 
comprising by weight! 

(a) 40-75% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CF 3 CP 2 ( CF 2 ) fcC 2 H 4 OC ( 0 ) CH*CH 2 , 
the monomer mixture consisting essentially ofr 

(1) 0-10% monomer wherein k is 4 or less; 

(2) 45-75% monomer wherein k is 6; 

(3) 20-40% monomer wherein k is 8; 

(4) 1-20% monomer wherein. k is 10; and 

(5) 0-5% monomer wherein k is 12; ' 

(b) 10-35% polymer chain units derived from 
vinylidene chloride; and 

(c) 10-25% polymer chain units derived from an 
alkyl acrylate or alkyl methacrylate having an alkyl chain 
length of 2-18 carbons. 

2. A f luoropolymer according, to claim 1, 
additionally comprising by weight: 

(d) 0.1-2% polymer chain units derived from 
N-methylolacrylamide or N-methylolmethacrylamide; and 

(e) 0.1-2% polymer chain units derived from 
hydroxyethylmethacrylate or hydroxyethylacrylate. 

3. A f luoropolymer according to claim 2, 
consisting essentially of, by weight: 

(a) 45-70% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CF 3 CF 2 ( CF 2 ) k C 2 H 4 OC ( O ) CH=CH 2 , 
the monomer mixture consisting essentially of: 

(1) 0-10% monomer wherein k is 4 or less; 

(2) 45-75% monomer wherein k is 6; 

(3) 20-40% monomer whexfein k is 8; 

(4) 1-20% monomer wherein k is 10; and 

(5) 0-5% monomer wherein k is 12; 
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(b) 15-30% polymer chain units derived from 
vinyl idene chloride; 

(c) 10-20% polymer chain units derived from an 
alkyl acrylate or alkyl methacrylate having an alkyl chain 

5 length of 2-18 carbons; 

(d) 0.1-2% polymer chain units derived from 
N-methylolacrylamide or N-methylolmethacrylamide; 

(e) 0.1-2% polymer chain units derived from 
hydroxyethylmethacrylate or hydroxyethylacrylate; 

10 (f) 0-5% polymer chain units derived from 

. chlorohydroxypropylacrylate or chlorohydroxypropyl 
methacrylate; and 

(g) 0-5% polymer chain units derived from 
poly(oxyethylene) acrylate or methacrylate. 



4. A fl-aoropolymer according to claim 3, 
wherein the alkyl acrylate or alkyl methacrylate is 
butylacrylate, stearylacrylate, stearylmethacrylate, or 2- 
ethylhexylacryla te . 



5. A f luoropolymer according to claim 1, 
consisting essentially of, by weight: 

(a) 40-75% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CF 3 CF 2 ( CF 2 ) ]c C 2 H 4 OC [ 0 ) CH=CH 2 , 
the monomer mixture consisting essentially of: 

(1) 0-8% monomer wherein k is 4 or less; 

(2) 45-65% monomer wherein k is 6; 

(3) 25-35% monomer wherein k is 8; 

30 (4) 5-15% monomer wherein k is 10; and 

(5) 0-5% monomer wherein k is 12; 

(b) 10-35% polymer chain units derived from 
vinylidene chloride; 

(c) 10-25% polymer chain units derived from an 
3 5 alkyl acrylate or alkyl methacrylate having an alkyl chain 

length of 2-18 carbons; 

(d) 0.1-2% polymer chain units derived from 
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N-methylolacrylamide or N-methylolmethacrylamide; 

(e) 0.1-2% polymer chain units derived from 
hydroxyethylmethacrylate or hydroxyethylacrylate; 

(£) 0-5% polymer chain units derived from 
5 chlorohydroxypropylacrylate or chlorohydroxypropyl methac- 
rylate; and 

(g) 0-5% polyjner chain unite derived from 
poly(oxyethylene)acrylate or methacrylate. 

10 6. A f luoropolymer according to claim 5, 

. consisting essentially of, by weight: 

(a) 40-75% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CP 3 CP 2 (CF 2 ) k C 2 H 4 OC(0)CH«CH 2 * 
the monomer mixture consisting essentially of; 

(1) 0-6% monomer wherein k is 4 or less; 

(2) 45-60% monomer wherein k is 6; 

(3) 25-35% monomer wherein k is 8; 

(4) 7-15% monomer wherein k is 10; and 
20 (5) 0-3% monomer wherein k is 12; 

(b) 10-35% polymer chain units derived from 
vinylidene chloride; 

(c) 10-25% polymer chain units derived from an 
alkyl acrylate or alkyl methacrylate having an alkyl chain 
length of 2-18 carbons; 

(d) 0.1-2% polymer chain units derived from 
N-methylolacrylamide or N-methylolmethacrylamide; 

(e) 0.1-2% polymer chain units derived from 
hydroxyethylmethacrylate or hydroxyethylacrylate; 

30 (f) 0-5% polymer chain units derived from 

chlorohydroxypropylacrylate or chlorohydroxypropyl 
methacrylate; and 

(g) 0-5% polymer chain units derived from 
poly (oxyethylene) acrylate or methacrylate. 
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7. A f luoropolymer according to claim 6 # 
wherein the alkyl acrylate or alkyl methacrylate is 
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butylacrylate, stearylacrylate, stearylmethacrylate, or 2- 
e thy lhexy lacr y la te . 

8. A f luoropolymer according to claim 5, 
5 consisting essentially of, by weight: 

(a) 45-70% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CH 3 CF 2 ( CF 2 ) k C 2 H 4 OC ( 0 ) CH=CH 2 , 
the monomer mixture consisting essentially of: 
10 (1) 0-8% monomer wherein k is 4 or less; 

(2) 45-65% monomer wherein k is 6; 

(3) 25-35% monomer wherein k is 8; 

(4) 5-15% monomer wherein k is 10; and 

(5) 0-5% monomer wherein k is 12; 

15 (b) 15-30% polymer chain units derived from 

vinylidene chloride; 

(c) 10-20% polymer chain units derived from an 

alkyl acrylate or alkyl methacrylate having an alkyl chain 

length of 2-18 carbons; 
20 (d) 0.1-2% polymer chain units derived from 

N-methylolacrylamide or N-methylolmethacrylamide; 

(e) 0,1-2% polymer chain units derived from 
hydroxyethylmethacrylate or hydroxyethylacrylate; 

(f) 0-5% polymer chain units derived from 
25 chlorohydroxypropylacrylate or chlorohydroxypropyl 

methacrylate; and 

(g) 0-5% polymer chain units derived from 
poly (oxyethylene) acrylate or methacrylate. 

30 9. A f luoropolymer according to claim 8, 

consisting essentially of, by weight: 

(a) 45-70% polymer chain units derived from a 
mixture of perf luoroalkylethylacrylate monomers of formula 

CF 3 CF 2 1 CF 2 * k c 2 H 4 OC 1 0 ) CH=CH 2 ' 
35 the monomer mixture consisting essentially of: 

(1) 0-6% monomer wherein k is 4 or less; 

(2) 45-60% monomer wherein k is 6; 
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(3) 25-35% monomer wherein k is 8; 

(4) 7-15% monomer wherein k is 10; and 

(5) 0-3% monomer wherein k is 12; 

(b) 15-30% polymer chain units derived from 
vinylidene chloride; 

(c) 10-20% polymer chain units derived from an 
alkyl acrylate or alkyl methacrylate having an alkyl chain 
length of 2-18 carbons; 

(d) 0.1-2% polymer chain units derived from 
N-methylolacrylamide or N-methylolmethacrylaraide; 

(e) 0-5% polymer chain units derived from 
chlorohydroxypropylacrylate or chlorohydroxypropyl 
methacrylate. 

10. A f luoropolymer according to claim 9, 
wherein the alkyl acrylate or alkyl methacrylate is 
butylacrylate, stearylacrylate, stearylmethacrylate, or 2- 
ethylhexyl acrylate. 
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